The blazar Markarian 421 (Mrk 421) is one of the brightest sources in the extragalactic X-ray/TeV sky. It is also one of the fastest varying TeV γ-ray sources, showing flaring activity on time scales as short as tens of minutes. To know the level of activity of this source, Tluczykont et al. (2007) [1] calculated the fraction of time spent by Mrk 421 in flaring states with fluxes above 1 Crab at TeV energies (i.e., TeV -duty cycle). Here we present an alternative approach to calculate the TeV duty cycle of Mrk 421 taking advantage of the continuous monitoring of the source by the Milagro observatory. Milagro was a water Cherenkov detector sensitive at energies between 100 GeV and 100 TeV. We present our estimation of the TeV -duty cycle and study its robustness.
Introduction
Blazars are a subclass of active galactic nuclei (AGN) characterized by broadband non-thermal emission from radio to very high energies (VHE, E > 100 GeV, Horns 2008 [2] ). They show strong flux variability at almost all frequencies of the spectral energy distribution on different time scales, from minutes (see, e.g., Aharonian et al. 2007 [3] ) to months (see, e.g., von Montigny et al. 1995 [4] ). This large spread in time variability makes it difficult to quantify important parameters such as the duty cycle (DC). The DC is defined as the fraction of time spent in a high ("flaring") state, thus,
where t i is the time that the source spends in a i flaring state and T baseline is the total time in which the source is in the baseline flux state. The definition of a flaring state varies from author to author (see e.g. Krawczynski et al. 2004 [5] , Wagner 2008 [6] ). The baseline flux may be stable and constant with time, although it may present intrinsic variations. In the former case, a flaring state can be defined as any state with flux higher than the baseline flux. In the latter case, a flaring state must be defined taking into account the assumed or measured intrinsic variations of the baseline flux. The identification of a baseline level is also needed to identify the blazar quiescent level: without a proper baseline level, only an upper limit of the flaring flux can be determined (Wagner 2011 [7] ). Mrk 421 is one of the closest (redshift z=0.03; de Vaucouleurs et al. 1991 [8] ) and brightest blazars known; it was also the first BL Lac source detected at energies above 100 MeV by EGRET in 1991 (Lin et al. 1992 [9] ) and the first extragalactic object detected in the TeV energy band, by the Whipple Collaboration (Punch et al. 1992 [10] ).
The duty cycle at TeV energies has been estimated for Mrk 421 by Tluczykont et al. (2007) [1] . They collected data from different imaging atmospheric Cherenkov telescopes (IACTs: HEGRA 
The Milagro detector
Milagro (see Atkins et al. 2004 [11] ) was a large waterCherenkov detector located in the Jemez Mountains near Los Alamos, New Mexico, USA at an altitude of 2630 m above sea level. It was designed to detect very high energy (VHE) gamma rays at energies between 100 GeV and 100 TeV (Abdo et al. 2008a ,b [12, 13] ). It had a ∼2 sr field of view and a ≥ 90% duty cycle that allowed it to continuously monitor the entire overhead sky. From the analysis of the light curve we found (Abdo et al. 2013 [14] ) that the Mrk 421 flux is consistent with being constant along the whole 3-year observation period, with an average value above 1 TeV off = (2.05 ± 0.30) ×10 −11 cm −2 s −1 (χ 2 =134 for 122 degrees of freedom) equivalent to 0.85±0.13 Crab. This average flux results from combining the baseline flux, F baseline , and the contributions of the fluxes of any other higher ("flaring") state i, f flare,i . Thus,
where T Milagro is the total observation period of Milagro given by T baseline + T flare and F flare is the total fluence of all high states given by ∑ i f flare,i t i
The knowledge off is not enough to estimate the TeV DC, as the same value of F flare could be obtained by considering many long-duration low-flux flares or a few short-duration high-flux flares, leading to different DC values. Therefore, a distribution of flux states of Mrk 421 is needed. We used the same distribution of flux states above 1 TeV used by Tluczykont et al. 2007 [1] . This distribution is well fit by a function f (x) 1 which is the sum of a Gaussian component, describing the baseline flux state plus a log-normal function, describing the flaring states (Tluczykont et al. 2010 [15] ). The mean of the Gaussian component (∼ 0.33 Crab) represents an upper limit on the value of F baseline (Tluczykont et al. 2010 [15] ) because some lower fluxes may be missing. The detectors may not be sensitive enough to detect them for short observation periods.
We used the distribution of Tluczykont et al. 2010 [15] to calculate the average flare flux, < f flare >, given by,
with F lim the maximum flux considered in the distribution, i.e. F lim =10 Crab [15] . Then, we have < f flare >= 2.64 Crab.
F flare can be written in terms of < f flare > as following,
By inserting Eq. 4 in Eq. 2 we obtain
Then, Eq. 1 becomes,
Equation 6 gives the DC as a function of three quantities: 1) the average flux of Mrk 421 (f ) which has a unique value 
Dependence on F lim
The distribution of flux states obtained by Tluczykont et al. 2010 [15] is based on observations and is not model dependent. The extrapolation of f (x) above 10 Crab is not trivial. For instance, we do not know if the source can maintain a flaring state with a flux higher than 10 Crab for a time equal to the duration of the flares in the flux distribution reported in Tluczykont et al. 2010 [15] . A cutoff in the distribution is expected at some flux value, just as a result of the limited available energy of the source. Therefore, the extension of f (x) above 10 Crab can not be done much further than 10 Crab.
We calculated the DC by considering F lim equal to 15 Crab just by extrapolating the function f (x) up to 15 Crab. The results are shown in Figure 2 . It can be seen that, by considering F lim =15 Crab the TeV DC goes from 30 % to 21 %. These values are between 6% and 8% lower than the ones obtained with F lim =10 Crab, but are well within the range found including the error onf .
Dependence on the distribution of flux states
The flaring state distribution can be fit by different functions, f (x). We chose the sum of a Gaussian component plus a log-normal function. Tluczykont et al. 2010 [15] also consider an exponential function above 0.25 Crab. We chose an extreme case to calculate the DC. Instead of f (x), we took the actual set of data used to get the distribution of flux states by Tluczykont et al. 2010 [15] . Then, we obtained a value for < f flare > of 2.83 Crab. The results for the DC are shown in figure 3 . It can be seen that, like in the case F lim =15 Crab, the TeV DC goes from 30 % to 21 %.
Conclusions
We have presented a new approach to estimate the TeV DC of Mrk 421, based on the continuous monitoring of the source with the Milagro observatory. We have considered the activity of the source above 1 Crab, finding that, depending on the assumed value for the baseline flux of Mrk 421, DC ranges from 23 +5 −5 % to 32 +5 −7 %. These values are lower but consistent, within the errors, with the value found by Tluczykont et al. 2007 [1] . We also tested the robustness of our calculation, finding that the range of values lowers by 6% -8% when a discrete distribution function for the Mrk 421 flux states instead of a continuous function is considered; the same result has been obtained if the distribution is extrapolated up to values of flux greater than the observed 10 Crab. These uncertainties are lower than the one associated to the error onf .
The value of 1 Crab chosen as flare flux threshold represents an overestimate of the minimum flux required to define a flaring state: in fact, from the distribution of Tluczykont et al. 2010 [15] it is clear that above a few tenths of Crab the distribution of flux states presents the typical behaviour of "high" states. The estimation of the TeV DC for more realistic assumptions on the threshold 
